Air pollution is one of the serious problems facing the world. This is mainly due to production and consumption of fossil fuels. Sulphur dioxide (SO 2 ) and oxides of nitrogen (NO x ) emissions could affect human health and destroy vegetation through acid deposition and cause transboundary air pollution. Currently, there are no regional ambient SO 2 and NO x regulations and control measures of many developing countries including GCC countries. This paper reviewed the experiences of the past acid rain pollution problems in United States, Canada, Europe, Japan and China. In addition, the plausible control measures through application of air pollution abatement technologies, market based regulations were discussed. The study recommended that suitable and locally based measures could be adopted by GCC states to prevent future occurrence of acid rain within the region and beyond.
One of the environmental consequences of air pollution is acid deposition/rain. In simple words, acid rain is a form of precipitation (e.g. snow, fog, sleet, dry materials or rain), containing high concentration of acid forming substances like SO 2 and NO x which has been released into the atmosphere. In the air, these two chemical compounds react with water molecules or get mixed with the dust forming the acid rain which falls as a dry or wet deposition (US EPA, 2017a; US EPA, 2017b; Mokhtar et al., 2014) . SO 2 and NO x can be formed by natural process like lightening and volcanic eruptions. However, many studies have shown that acid rain formation has been accelerated by human activities (US EPA, 2017a) . These include combustion of fossil fuels, power plants, factories (i.e. iron and steel production) utility plants and vehicles.
Acid rain precursors (SO 2 , NO x ) and ammonia (NH 3 ) may form secondary pollutants such as particles and nitrogen species which may react with organic compounds to contribute form ozone (O 3 ) (Menz & Seip, 2004) . Ozone results from photochemical reaction between oxides of nitrogen and volatile atmospheric compounds, these volatile compounds are mainly emitted by industries and transportation sector (Schmieman et al., 2002) .
When acid rain falls, it can cause detrimental effects to the ecosystem. It can acidify the soil and depletes nutrients as well as mobilize aluminum and other toxic metals which can be absorbed by plants or reach water bodies. This ultimately can reduce fish population (Krug & Frink, 2010) . Buildings and cultural heritage arts, especially those built from limestone, are also affected by acid rain.
Acidic depositions can damage the paint, corrodes and accelerates the deterioration of artifacts. Exposure to fine particulates from acid depositions can result into health effects like asthma and bronchitis (Larssen & Carmichael, 2000) .
However, the problem of acid rain predominates industrialized countries like United States, Canada, Europe and China. But it is important to keep in mind that country's emissions of SO 2 and NO x do not only affect the local environment but rather are transported to other countries by meteorological conditions (wind direction and speed) (Menz & Seip, 2004 
Method
A literature review was conducted greenhouse gas and acidic in GCC countries by employing several scientific databases. In addition, grey literature search was also explored to acquire data from government agencies such as United States
Environmental Protection Agency. The search terms including: "acid rain in GCC" or "greenhouse gases in GCC", or "SO 2 emissions in GCC" and "NO x emission in GCC". In addition, terms of acquiring literature outside GCC region were also included in the search. These includes: "acid rain in United States" or "acid rain in China" or "acid rain in Japan" or "acid rain control" and " market based approach". Indoor, greenhouse gases, SO 2 and NO x emissions were excluded from the search. Due to limited studies on this topic, the search was limited to about 30 published papers. The paper first presents the overview of the acid rain control strategies through market based and technological approach followed by the acid rain experiences by China, Japan, Canada, and United States. Later, acidic gases emissions in GCC countries will be discuss including policies and programs of controlling future occurrence of acid rain in the region.
Examples of Tools Used in Acid Rain Control
Countries who have suffered from acid rain problems have learnt from their ex- 
Application of Market Based Pollution Control Tools
Emission trading is widely accepted economic instrument to environmental externalities (Lee & Zhou 2015) . Emission trading builds up the market incentive and achieves the cost effectiveness, thus the benefits obtained from trading between parties will be larger than the benefit derived from individual emission reduction (Lee & Zhou 2015) . Following polluter-pay principle, policy making goal is to internalize externalities through market-based instruments such as emission trading schemes and taxes as well as command and control measures (Bachmann & van der Kamp 2014) . In recent years, the use of tradable emission permits as a market based environmental policy instruments has gained increasing attention by both policy makers and regulators in a lot of countries.
Firms can buy or sell emission allowances so that those with least opportunity cost to reduce emissions will have an incentive to do so, and they receive compensation by selling their excess allowances to others who emit above.
Trading emission allowances, according to economic taught, would equalize marginal abatement cost among generating units, and this should limit SO 2 emissions at a lower cost than traditional command-and-control approaches (Ellerman, 2002) . For emission trading mechanism, it would be helpful if the regulator is able to predict, for any imposed emission cap, the approximate equilibrium trading price and the resulting emissions from each polluter. This may help the regulator to set an appropriate cap and devise a reasonable initial allocation, the benefit of well-balance allocation initial allocation could be substantial. This is because it can reduce both the transaction costs and the time for the market to reach equilibrium (Li et al., 2015) . Emission standard requires a legal limit on an amount of pollutant of which individual source is allow emitting, when emission standards are the policy of choice, there is no reason to believe that the authority will assign the responsibility of emissions reduction in a cost-minimizing way. Unlike emission charge, they are normally fee collected by government which is levied on each unit of pollutant emitted into the air. The total payment any sources would make to government could be determined by multiplying the fee times the amount of pollution emitted (Tietenberg & Lewis, 2012) .
Economic generally concur that market-based approaches are the most cost effective approach for reducing pollution certain sectors than command-and-control regulation. This conclusion is based on the assumption that a market based approach will constantly coordinate the behavior of relevant parties through within the market established to reduce pollution. Thus, the price could be determined endogenously by the market or set exogenously as a pollution tax rate, either ways; the marginal cost to abate pollution will be equated across all market participants. However, if the market produces prices such for in a cap-and-trade program that do not represent the marginal cost of pollution reduction, the cost effectiveness augment in favor of market-based approaches may no longer be accurate (Hitaj & Stocking, 2016 
Air Pollution Abatement Technologies
Dedicated NO x emission reducing technologies can be divided into combustion and post combustion technologies. Post combustion technologies are an end-of-pipe solution that reduces NO x in flue gases after the combustion stage, either through catalytic or non-catalytic reduction of NO x compounds. Selective catalytic reduction (SCR) uses ammonia or urea to reduce NO x into water and molecular nitrogen (N 2 ) on catalytic bed at lower temperature.
SCR is very efficient in reducing NO x emissions but its installation is expensive. Selective non-Catalytic Reduction (SCNR) on the other hand does not require catalyst and cooling, cooling of the flue gas is therefore cheap but also not efficient. SCR and SCNR contribute to 90% and 35% emission reductions respectively. Flue gas condensation technology improves energy efficiency and has been adopted by many of Swedish plants leading to low NO x emissions. Japan has developed emission reduction technologies in reducing transboundary air pollutions with China. This was achieved by developing coal washing, to circulating fluidized bed boilers with Sulphur removal, to flue gas desulphurization gas units (Ohshita & Ortolano, 2012) .
The acid rain program was aimed to reduce annual SO 2 emissions below 1980 levels, mainly through monitoring and enforcement. Power plants have options to reach compliance by; installing flue-gas desulfurization (FGD), switching to low sulphur coal or natural gas or adopting renewable energy technology.
In the 1990s and 2000s emissions of SO 2 has declined drastically and this achievement was due to market based approaches adopted in reducing air pollution which encourages producers or emitters to seek for alternative cost effective technology of reducing their emissions. Researchers have recognized that environmental regulation can be a double-edge sword. Environmental regulations increase firm's cost, such as abatement cost as well as its associated entry and exit, production and investment cost. However, a well-designed environmental regulation induces innovation in green technology and improves environmental and business performance in a long run (Streeter, 2016) .
Acid Rain Program in United States
In 1994, the Acid Rain program (ARP) was enacted with the main goal of reducing annual SO 2 emission by 45% to 1980 levels. The first phase began in 1995 and affected about 110 sources in electricity industry with greatest emissions while the second phase in 2000 affects all the significant emission sources in the electricity sector (Ellerman, 2002) . The ARP operating under a system of allowance trading that uses a market based incentive to reduce pollutions provides a regulated source with the flexibility to selects the most cost effective approach to reduce emissions. These have proven to be a highly effective way to achieve emission reductions, meet environmental goals, and improve human health (US EPA, 2016).
Right to emit SO 2 was primary given free to electricity generating units (EGUs), Firms with caps basically coal burning electricity generators were required to submit yearly allowances to EPA; however, allowances not used for compliance in a particular could be shifted to subsequent year by banking system. There are frequent changes in of price of SO 2 allowances as buyers and sellers assessed new information the cost of emission abatement, the demand for electricity and changes in program regulations (Hitaj & Stocking, 2016) . After trades are consummated, they are recorded in EPA electronic Allowance Tracking System, usually within 24 hours of being reported (Ellerman, 2002) .
Under the market system, EPA sets a cap on overall emissions, SO 2 allowances are then allocated to affected units serving generators greater than 25 megawatts.
All new units based on their historic fuel consumption and specific emission rates and each allowance permits a unit to emit one ton of SO 2 . NO x program embodies many of the same principles of the SO 2 trading program, in that it also has a results-oriented approach, flexibility in the method of achieving emission reductions, and program integrity through measurement of the emissions.
However, it does not "Cap" NO x emissions as the SO 2 program, nor does it utilize an allowance trading system (US EPA, 2017b).
However, both SO 2 and NO x programs seems to work well. This is obvious from the annual reports published by the EPA where the progress reduction of 
United States-Canada Transboundary Acid Rain Program
Multiple environmental and health problems have been caused by air pollution from mobile and stationary emission sources in Canada and the United States. This is because; both nations have an interest in reducing trans-boundary air pollution. After more than a decade of scientific research and discussion they signed a historic Air Quality Agreement (AQA) in Ottawa, Canada, on March 13, 1991. This agreement established a formal and flexible method of addressing an acid rain as trans-boundary air pollution problem. The Air Quality Agreement includes Annex 1, the acid rain annex, focuses on the commitment of both parties to reduce Sulphur dioxide (SO 2 ) and Nitrogen oxides (NO x ) emissions which are the primary precursors of the acid rain. Both nations are committed to use Continuous Emission Monitors (CEMs) (Environment Canada, 2017). Under Annex 2, the Scientific and Technical Activities and Economic Research Annex, both nations agree to coordinate their air pollution monitoring networks; the use of compatible formats and methods for monitoring, reporting, cooperation and exchange of information about the causes and effects of SO 2 and NO x through application of market-based programs (Environment Canada, 2017). 
European Union (EU) Acid Rain Program
As in the United States, local health effects of air pollution (SO 2 and NO x emissions) were the main issue in Europe until the late 1960s, when the trans-boundary Journal of Geoscience and Environment Protection nature of acid rain became evident. At United Nations Conference on the Human Environment in Stockholm, a report was presented on the effects of the long-range transport of Sulphur compounds. In the report, it was stated that;
"this continental character of the problem caused by emission of Sulphur to the atmosphere implies, as a basis for action, that plans and programs designed to reduce damage from acid deposition must be recognize the fact that, as a rule, several states are involved … international legislation and control should be contemplated to cope with this problem".
Shortly after the Stockholm conference, the Organization for Economic Cooperation and Development (OECD) launched a program to monitor long-range pollution. In 1978, the OECD monitoring network took the name Cooperative Program for Monitoring and Evaluation of Long-range Transmission of Air Pollutants in Europe (EMEP) (Menz & Seip, 2004) . The necessity of international cooperation in dealing with acidification problems in Europe led to the "Convention on Long Range Transboundary Air Pollution" (LRTAP). The LRTAP convention entered into force in 1983 was the first legally binding international agreement to deal with problems of air pollution (mainly SO 2 , NO x , VOC, NH 3 , Heavy metals etc.) on broad basis. In addition to air pollution abatement, the Convention established institutional frame work bringing together science and policy (Menz & Seip, 2004) .
The implementation of the recommendations of this directive led into reduction in SO 2 and NO x in air. In 1996, EU passed a new the Directive on Ambient Air Quality Assessment and Management, this set out a new requirement regarding air quality. These actions aimed at preventing or limiting harmful effect on human health and the environment. It also contains recommendations regarding air quality assessment methods and criteria, common to all member states, but unfortunately this directive failed. In few years later, EU passed four Daughter Directives, among the first Daughter Directive of the four is on permissible levels of SO 2 , NO x , dust and Lead which was passed in 1999, this directive sought to protect human health and the ecosystem. The EU has also introduced emission reduction of pollutants from both stationary (power plants) and mobile (motor vehicles) sources which was passed in 2001. These mandates set a permissible level of pollutant emissions from large coal-fired power generating plants. The main objective is to gradually reduce annual emission of SO 2 and NO x from existing installations. It also specifies permissible emissions of SO 2 and NO x from existing installations, and also specifies to specify permissible emissions of SO 2 , NO x and dust for the existing and new incinerators with regards to motor vehicles. of Clean Air for Europe Program (CAFE) which was implemented by European Commission. The aim of this convention is to explore whether the current regulation was sufficient to achieve the objective of the Six EAP by 2020. In 2008, European Parliament and Council on Ambient Air Quality for Europe drew a new regulation which requires EU member states to guarantee that the permissible levels of emissions it sets shall not be exceeded. The permissible levels stipulated in the regulation are the minimum levels each EU member states must strive to achieve. Table 2 shows EU, air quality standards of some selected pollutants, which is stricter compare U.S and World Health Organization (WHO) standards (Kuklinska et al., 2015) .
Acid Rain Program in China
Acid rain in China is mostly caused by emissions of Sulphur dioxide by power plants, industrial boilers, ore smelters and oil refineries, though smaller stationary combustion sources also contribute to the problem in the urban areas. Coal combustion sources contribute to 94% of all Sulphur dioxide emissions, with power plants being the largest contributor. This is because stack heights are usually very high and power plant's emissions contribute more to regional acid rain than to local one. Domestic damages caused by Sulphur dioxide emissions in China are substantial and comparable to damages suffered by severely acidified regions in North America and Europe. It is estimated that air pollution causes nearly 4000 deaths per year in Chongqing and Beijing (Nagase & Silva 2007) . China had air pollution control since 1987, starting with the Air Pollution Prevention and Control Law. This regulation was focused primarily on SO 2 in order to address the problem of ever increasing acid rain problems, but did not cover emissions from power plants. The regulation was amended in 1995 to expand the coverage to include power sector. In 1998, a regional control strategy across 27 provinces, was introduced to regulate source-areas responsible for SO 2 emissions and effect-areas suffering from acid rain in separate fashion (Dong et al., 2015) . Planning ( disaggregates such targets further to cities (Kanada, et al., 2013) .
The latest regulation enters into force under the Twelfth Fifth Year Plan (FYP12), this regulation took an effect in January, 2012 and call for further 8% reduction in SO 2 emission to 2010 levels. The regulation was also for the first time calling for and targeting 10% reduction in NO x emissions. Under this control targets, power plants producers are required to adopt abatement technology or shut down the most inefficient power plants. According to officials, the new SO 2 and NO x regulations requires domestic power generation sector alone to reduce 6.2 million metric tons (mmt) of SO 2 and 5.8 mmt of NO x emissions (Nam et al., 2013) .
To achieve this target, the government employed a market based instruments such as cap and trade as a potential policy tool where the regulator allocates emission permits to polluters who may then trade among themselves. However, the success of the trading scheme was constrained by lack of sufficient administrative capacity, a lagging-behind legal systems and unsatisfactory emission (Li et al., 2015) .
China-Japan Transboundary Acid Rain Program
Climate scientist agrees that emissions of Sulphur dioxide in Northeastern China contribute to Sulphur deposition in Western Japan due to unfavorable downwind geographic position of Japan. It is estimate that China's contribution to wet sulphate deposition represents 50% of the total. Yet, trans-boundary pollution problem will likely become more serious in the future because energy consumption levels in major urban and industrial cities in Northeastern China have been growing rapidly. Also, Chinese energy supplies come mostly from coal-burning power plants. Japan's damages originating from Chinese-produced acid rain may reach catastrophic levels by 2020 (Nagase & Silva 2007) .
Japan on the other hand, has aggressively controlled its own emission of acidic According to Ohshita and Ortolano (2012) , this is how the bi-national cooperation took place:
The program is carried out through a network of public and private organiza- 
Air Pollution in GCC Countries
During the last two decades, many countries in Gulf Cooperation Council (GCC) have witness an unprecedented economic growth and infrastructural developments accompanied by oil and natural gas discoveries (Bhutto et al. 2014; Rafindadi et al., 2018) . Exploitations in the region for oil and gas, growing energy demand and the overconsumption of energy has increases SO 2 and NO x emissions and this may be due to industries and vehicles (Farahat, 2016) . According to Rafindadi et al. 2018 environmental pollution problems may be exacerbated in GCC as a result of low cost of energy, free taxation and existence of Journal of Geoscience and Environment Protection high energy demand companies with no effective control measures. Similarly, Bhutto et al. (2014) reported that GCC is rated as one of most highly polluted region due to high per capita CO 2 emissions from the region as it accounts for 2.4% of GHG emissions with as low as 0.6% of the total global population.
Therefore, GCC members are supposed to play a unique and critical role in international environmental policies (Atalay et al., 2016) . Table 3 shows energy consumption and CO 2 emission levels among the GCC states with Saudi Arabia showing high energy production and CO 2 emissions followed by Qatar and UAE, with the least being Bahrain and Oman.
Per capita CO 2 emission levels in GCC states in Figure 5 shows that, Qatar and Kuwait are the largest emitters with Saudi Arabia and Oman are low. Thus, CO 2 emission potential of a country is not only a function of energy production, consumption but also number of population, this are one of the factor that places GCC is one of highest global emitters of CO 2 .
Since CO 2 levels is an indicator of economic activity, it may be directly related (Nabar, 2015) . Analysis of the mean tropospheric NO 2 data indicates high NO 2 concentration at the major cities of Riyadh and Jeddah (KSA), Abu Dhabi and Dubai (UAE), Kuwait City, Qatar and Bahrain. NO 2 concentration was averagely lower in Oman (Farahat, 2016) .
Transboundary Air Pollution Control Guidelines for GCC
World Bank has suggested that the developing countries should capitalize on the experience of the industrialized countries to move directly to market-based instruments to control pollution (Tietenberg & Lewis 2012) . The Convention on Long Range Transboundary Air Pollution (LRTAP) is one of the main corner stones for protecting the environment as pollutants can travel several thousand kilometers before deposition and damage occurs. GCC states would not have difficulties solving air pollution problems because tools for transboundary air pollution control has already been developed by nations such U.S, Europe, Canada .However, the following recommendation can help reduce trans-boundary air pollution problems among GCC states;  Efforts to establish research orientations and institutional capacities in management and monitoring of SO 2 , NO x , PM 10 , and PM 2.5 .  The need for capacity building and, ground based monitoring systems and networks for proper operation and strategic decision support.  The need for quality control and quality assurance and modeling tools. 
Conclusion and Recommendations
Regional cooperation through policies formulations and implementations could help address greenhouse emission and other acidic gases in the region. However, in the order to achieve the above cooperation, the following issues need to be addressed:  Disparities among countries in terms of industrial location and SO 2 , NO x reduction potential;  Variations in already existing policies and institutional capacities;
 Equal sharing of abatement cost;
 Regional and political differences.
The above recommendations are imperative as current developing countries (GCC) will face intensified environmental problems such as SO 2 , NO x , PM 10 , and PM 2.5 emissions due to population growth, economic development, and rapid urbanization. Substantial reduction in Sulphur emissions in US-Canada, Japan-China and Europe shows that complex environmental problems can be managed even when pollutants cross borders through application of cost-effective, flexible and appropriate policy measures. This implies that GCC states formulate air pollution policies which could set ceilings to emissions produced by each country especially in power and oil industries. Also, emission trading system and adoption of air pollution control technologies could be adopted to reduce the levels in the region as well. However, in order to ensure full compliance of the suggested measures, effective air pollution monitoring program across the region needs to be developed.
